abstract the objective of the study was to determine the effect of adding buffering agents to a total mixed ration (tmR) on the ph and on the vfa, lactic acid and nh 3 -N content of rumen fluid. The experiment was carried out with three nonproductive cows fitted with permanent rumen fistulas in a 3×3 latin square design with two stages differing in the amount of added buffer (50 g/day in stage I or 100 g/day in stage II). The control diet (C) contained no buffering agent. The AB experimental diet was supplemented with Acid Buf (Noack Polen Ltd.) containing calcium carbonate, major and trace elements, and the as experimental diet was supplemented with our own produced artificial saliva powder containing a mixture of chemical compounds (NaHCO 3 , Kcl, cacl 2 , na 2 ho 4 •12H 2 o, nacl, mgso 4 •7H 2 o) in the appropriate proportions (mcdougall, 1948), combined with wheat bran at a 1:1 ratio. The preparations were added to the concentrate mixture in TMR which contained (% DM): maize silage, 29.9; wilted grass silage, 17.4; ensiled brewers' grains, 2.4; barley straw, 10.3; and concentrate mixture, 40.0. Samples of rumen fluid collected before feeding (0 h) and after feeding (2, 4, 6 and 8 h) were analysed for ph, and the samples collected 4 h postprandial were analysed for vfa, lactic acid and nh 3 -N. The artificial saliva added at 100 g/day to the mixture of chemical compounds (without a carrier) contributed to a significant (P≤0.01) increase in rumen fluid pH at 4 h compared to cows receiving diets C and AB. In both stages of the experiment, cows receiving the buffering agents tended to achieve higher ph values in the other hours of the test compared to group C. In the collected samples of rumen fluid, no significant (P>0.05) differences were observed among the cows in VFA and total VFA, in C2/C3 and c3/c4 acid ratios, and in nh 3 -N content. Neither did the type and amount of buffers had a significant effect on the percentage ratios of selected fatty acids (acetic, propionic and butyric) in total VFA. No presence of lactic acid was detected in the analysed samples of rumen fluid. It can be stated that when the total mixed ration is properly balanced, the type and amount of buffers have no significant effect on changes in the rumen fermentation activity of cows.
The normal physiological pH of rumen contents, which provides the optimum environment for microorganisms, ranges from 6.0 to 7.2 ( Krause and Oetzel, 2006; Jouany, 2006) . It is regulated principally by saliva, the daily production of which is approx. 140-160 l and depends on the type of ingested feed (Bailey, 1966 (Van Soest, 1994) , and the high content of sodium carbonates and phosphates gives it an alkaline pH of approx. 8-8.6 (Richard, 1988) . Recent studies (Adin et al., 2009; Yang and Beauchemin, 2009 ) have shown that with the increasing proportion of structural fibre (peNDF) in the rations, chewing time and saliva production are increased. However, this mechanism may be disturbed by feeding excessive concentrates to dairy cows (Morgante et al., 2007) . What is more, the amount and buffering capacity of saliva produced by the modern dairy cow are insufficient to maintain rumen fluid pH at an optimal level (Marden et al., 2008) . It would therefore be appropriate to use buffers, the composition and buffering properties of which are similar to those of cow's saliva (Lammers et al., 1996; Block and Sanchez, 2000; Krause and Oetzel, 2006) . These include sodium bicarbonate, bentonite, ground limestone and sodium sesquicarbonate, which protect the rumen against low pH by neutralizing the acids formed during starch fermentation (Russell and Chow, 1993; Marden et al., 2008) . Other ruminal buffers include alkalinizing agents (magnesium oxide, dolomite), but they neutralize rather than prevent excessive production of volatile fatty acids (Krause and Oetzel, 2006) . In recent years, biological preparations (pro-and prebiotics) containing live and/ or dead microorganisms and their fermentation products are becoming increasingly popular (Bach et al., 2007; Denev et al., 2007; Oetzel et al., 2007) . There is insufficient animal science literature on the possibility of using artificial saliva and Acid Buf, which contain biologically available minerals, as feed additives maintaining rumen fluid pH and fermentation activity at an optimal level.
The objective of the study was to determine the degree to which artificial saliva vs. feed additive (Acid Buf) will affect the pH, and the VFA, lactic acid and NH 3 -N content of rumen fluid in cows fed a total mixed ration (TMR).
material and methods

Experimental design, diets, and management of cows
The experiment was carried out with three nonproductive cows fitted with permanent rumen fistulas (ANKOM Products, Fairport, NY, USA) and individually fed a TMR diet containing (% DM): maize silage, 29.9; wilted grass silage, 17.4; ensiled brewers' grains, 2.4; barley straw, 10.3; and concentrate mixture, 40.0. The study was performed in a 3×3 Latin square design with two stages differing in the amount of added buffer: 50 g/day in stage I or 100 g/day in stage II ( Table 1 ). The control diet (C) contained no buffering agent. The AB experimental diet was supplemented with Acid Buf (Noack Polen Ltd.) containing calcium carbonate, major and trace elements, and the AS experimental diet was supplemented with our own produced artificial saliva powder containing a mixture of chemical compounds (NaHCO 3 , KCL, CaCL 2 , Na 2 HO 4 •12H 2 O, NaCL, MgSO 4 •7H 2 O) in the appropriate proportions (McDougall, 1948) , combined with wheat bran at a 1:1 ratio. 
1 C -no additive; AB -Acid Buf; AS -artificial saliva. The amount of AS is a mixture of chemical compounds without a carrier.
The preparations were added to the concentrate mixture (in %: ground maize, 33; ground triticale, 20; extracted soybean meal, 20; ground wheat, 13; rapeseed cake, 11; mineral mixture Dolfos, 3) in TMR formulated according to IZ PIB-INRA standards (2009) using INRAtion software (2006) . The feed was offered once daily in the morning (08:00 h), and mixed in the trough after 3-4 h to improve intake. Animals were housed in individual stalls covered with rubber mats (no straw bedding) and equipped with automatic drinkers and trough partitions.
The 86-day study consisted of a 14-day pretreatment period, in which animals were adjusted to the diet, and a 72-day treatment period, each having two 36-day stages. Each stage was subdivided into three 12-day periods consisting of a 7-day test period, in which animals were fed control diet (C) or experimental diets with additives (AB and AS), and a 5-day transition period, in which animals were fed control diet alone.
measurements, chemical analyses and statistical calculations
On day 7 of the experiment (test), liquid rumen contents were collected from each cow through a rumen fistula. Samples of rumen contents were collected five times: immediately before feeding (0 h) and 2, 4, 6 and 8 h after feeding. Immediately after collection, rumen contents were analysed for pH using an ELMETRON CP-411 pH meter with OSH 12-01 electrode. VFA, lactic acid and NH 3 -N were determined in fresh but stabilized rumen fluid samples collected 4 h after feeding. Metaphosphoric acid was used for VFA and lactic acid determination and magnesium oxide for NH 3 -N. VFA analysis was performed using gas chromatography (Varian 3400 CX, column ZEBRON ZB-WAX 30m, 0.53 ID, 1.00 film thickness (μm), program temp. 90-200°C, analysis time 17 min., injection temp. 200°C, detector temp. 260°C, range 11, helium as carrier gas, 6 ml/min., injection volume 1 microl) with 8200 CX autosampler. Lactic acid was determined by high-performance liquid chromatography (HPLC), following centrifugation of water filtrates with 24% metaphosphoric acid using a Shimadzu chromatograph (column LiChroCart, Superspher RP-18, 250 mm). Ammonia was determined according to the method of Skulmowski (1974) , whereby fresh samples were supplemented with magnesium oxide that displaced volatile nitrogenous bases from the solution during boiling, which were distilled into boric acid, and titrated with standard hydrochloric acid.
The basic chemical composition of the feeds was determined using standard procedures (AOAC, 2005) , and NDF fractions in TMR according to Goering and Van Soest (1970) method. Feed intake by the cows was evaluated based on daily weighing of feed offered and the amount of feed refusals. The physical form of TMR was determined using the Penn State Particle Separator (PSPS) screens.
Statistical calculations of the results were made by three-way analysis of variance (mixed model) using the Mixed procedure in SAS software (2001). Significant differences between the groups were determined using Duncan's test. In the tables, values bearing different letters differ significantly, with capital letters denoting highly significant differences (P≤0.01) and no letters denoting non-significant differences (P>0.05).
Results
The chemical composition of feeds and the nutrient content of roughages and concentrates in TMR (Table 2) corresponded to the values characteristic of domestic feeds of medium or good quality (IZ PIB, 2010). Regardless of the amount and type of the additive, the mean daily intake of feed by the cows during the experiment (Table 3) was similar (P>0.05) and ranged from 25.9 to 26.3 kg TMR (11.4-11.6 kg DM).
The results for pH of cow rumen fluid depending on the type and amount of the additive are presented in Table 4 . Artificial saliva (AS) added at 100 g/day of the mixture of chemical compounds without a carrier (i.e. 200 g/day of additive) contributed to a significant (P≤0.01) increase in rumen fluid pH at 4 h of measurement, compared to the cows receiving the control diet (C) or those supplemented with Acid Buf (AB). In both stages of the experiment, cows supplemented with AS or AB also showed a tendency for higher pH values in the other hours of the test, compared to cows fed the control diet (C). Regardless of the type and amount of buffering agents, the mean pH values of rumen fluid were highest (6.63-6.77) in samples collected immediately before feeding, and lowest (5.94-6.00) in samples collected at 4 and 6 h of measurement (Table 4) . The effect of the additives on the ruminal fermentation process is shown in Tables 5 and 6. In the collected samples of rumen fluid, no significant (P>0.05) differences were observed between the cows in VFA and NH 3 -N content, acetic (C2) to propionic acid (C3) ratio, and propionic (C3) to butyric acid (C4) ratio.
The type and amount of buffering agents had no significant effect on total VFA and on percentage ratios of selected fatty acids (acetic, propionic and butyric) in total VFA in samples collected 4 h postprandial. No presence of lactic acid was detected in the analysed samples of rumen fluid. 
discussion
The results obtained in this physiological and feeding experiment involving cows fitted with permanent rumen fistulas point to a beneficial effect of the higher supplement (100 g/day of the mixture of chemical compounds without a carrier) of artificial saliva on elevating ruminal fluid pH at 4 h after feeding. Compared to artificial saliva, Acid Buf was less efficient in stabilizing the pH of ruminal contents in cows at all measurement hours. It should be stressed, however, that fluctuations in ruminal fluid pH of the experimental cows at different hours of measurement after feeding were within the physiologically normal range, providing optimum conditions for the rumen microorganisms (Krause and Oetzel, 2006; Jouany, 2006) . This may suggest that the TMR was properly formulated in terms of structural fibre content (Adin et al., 2009; Yang and Beauchemin, 2009) , which maintains the required physical form of the dairy cow ration (Osięgłowski and Strzetelski, 2002) . The appropriate level of physically effective fibre (peNDF) in the rations has a considerable influence on the rumination process, the amount of saliva secreted (Owens et al., 1998; Maekawa et al., 2002) and digesta passage from the rumen to the lower parts of the digestive tract (Bailey, 1996; Al Zahal et al., 2009; Huhtanen et al., 2010; Martens et al., 2011) . This is also confirmed by mostly non-significant differences in rumen fluid pH of cows supplemented with buffering agents, compared to animals fed the control diet, because an excess of easily fermentable carbohydrates in the ration could lead to excessively low pH of rumen fluid and the incidence of subclinical acidosis (Garrett et al., 1999; McLaughlin et al., 2009 ), which was not observed in the present experiment.
The positive results concerning the effect of feeding TMR diets to cows on stabilizing the pH of rumen contents are largely confirmed by the results obtained for its fermentation activity. The lack of lactic acid in rumen fluid sampled from the experimental cows and the non-significant differences in VFA and NH 3 -N content, in the acetic to propionic acid ratio (C2/C3), in the propionic to butyric acid ratio (C3/C4), and in the percentage of some acids in total VFA indicate that when the total mixed ration is properly balanced, the type and amount of buffers have no significant effect on changes in the rumen fermentation activity of these cows. This may also show that under the applied feeding conditions, the ruminal digestion and metabolism of structural carbohydrates were correct, and the supply of energy components and nitrogen compounds in the diet was appropriate (Oetzel et al., 1999) . In the case where easily fermentable carbohydrates are oversupplied in the ration, this may impair the digestion of crude fibre and thus contribute to more intense propionic fermentation, expressed as the overly low level of acetic acid in total VFA and as shorter time of chewing the solid fraction of digesta. Similar results to ours with respect to the pH value, VFA content and total VFA in the rumen fluid of productive cows fed TMR diets with Acid Buf were also obtained by Cruywagen et al. (2004 ), Beya (2007 , Cruywagen et al. (2007) and Calitz (2009) . These authors reported that using 80-90 g of Acid Buf per day per cow in the first stage of lactation proved more effective in stabilizing rumen fluid pH compared to the commonly used sodium bicarbonate. Also other experiments with dairy cows receiving TMR diets supplemented with biological preparations containing live and/or dead microorganisms and the products of their fermentation (Bach et al., 2007; Denev et al., 2007; Oetzel et al., 2007) or fibrolytic enzymes (Bilik and Łopuszańska-Rusek, 2010 ) demonstrated their beneficial effects on stabilizing the population of rumen microorganisms and ruminal digestive activity. As suggested by some authors (Sutton et al., 2003) , it can be assumed that the varying results obtained in different experiments for fermentative activity of the rumen in dairy cows could be due to environmental factors, in particular the type and method of feeding as well as the type of feed additives and physiological stage of the cow.
In summary, we can say that when the total mixed ration is properly balanced, the type and amount of buffers have no significant effect on changes in the rumen fermentation activity of cows. The fluctuations in rumen fluid pH of the experimental cows at different hours of measurement after feeding were within the physiologically normal range, providing optimum conditions for the rumen microorganisms. The use of artificial saliva could be useful in pilot experiments testing the feeding efficiency of newly introduced buffers in complete rations for dairy cows.
